In a remarkably insightful pair of papers recently, Sica demonstrated that: dichotomic data that violates Bell's inequalities "cannot represent any data streams that could possibly exist or be imagined" if it is to be consistent with the derivation of the inequalities.
Sica examined the arithmetic of dichotomic sequences, i.e., lists of ±1, and their correlations. With elementary analysis he showed that all such sequences yield among themselves correlations which always satisfy Bell inequalities. This leads immediately to the conclusion that all data taken in experiments that generate such sequences must as a tautology satisfy Bell inequalities. [1] It is well known, however, that experiments testing Bell's inequalities produce results that violate them.
The conventional understanding is that this violation is a consequence of the fact that the inequalities were derived with motivation and argumentation based on the hypothetical existence of hidden variables, which, when included in Quantum Mechanics (QM), might somehow render the interpretation free of well known problems or preternatural aspects. As the experiments violate the inequalities and were derived ostensively solely on the basis of local, realistic 'natural philosophy,' it is generally understood that in so far as empirical truth does not support the inequalities, that in fact nature is not local or realistic. In particular it is taken that nature is fundamentally nonlocal, and therfore, hidden variables, if any are to be found, also will be nonlocal. [2] (I leave it to the proponents of this viewpoint to say what this means precisely.) At this point, note that as a technicality, data meeting the conditions of the derivation of Bell inequalities, contrary to the claim made by Sica, in fact always satisfy Bell inequalities. [3] This is so because their derivation contains a flaw which is tantamount to the assumption that data supporting the inequalities is to be uncorrelated. This follows from the following fact: in the derivation it is assumed in the beginning that the correlation of mutual detections, P (a, b), where a and b are the settings of the measuring devices in an EPR gedanken experiment, in terms of the probabilities of individual detections at each measuring station when additional, hidden variables, λ, are considered, is given by:
To encode locality into this formula, it was taken that the probability of a detection in one arm, P A (a, λ) at station A, say, is not dependent on the setting, b at station B on the other arm; and, visa versa. Now, however, the integrand of Eq. 1 is a coincident probability dependant on three sets of variables. It is an elementary fact that such a probability must be expressed in terms of the probabilities of the individual events according to the formula:
where P (a|b) indicates a conditional probability. [4] The rhs of Eq. 2, in turn, reduces to the integrand of Eq. 1 when and only when
This is, of course, the condition for statistical independence; when it obtains the correlations with respect to the output of measuring devices, i.e., with respect to the variables a and b, are all zero and therefore Bell inequalities are trivially satisfied as a special case. They are also deprived of meaning; and all tests are irrelevant because they were conducted with photons or whatever that in fact are not uncorrelated with respect to the output of the measuring devices. This misconstrual occurred, conjecturally, by virtue of confusion resulting from the implicit identification of detection probabilities with QM wave functions. A resolution can consist only in that one or another of the assumptions used in deriving the inequalities is false or that the experiments have been executed incorrectly . Sica considers both possibilities. The most obvious problem is the following, which has in fact long been a part of the 'folk lore' underlying disputes on Bell's "Theorem" and its meaning, namely, the gedanken experiment considered by Bell is not doable as conceived. Bell considered a repetition of the experiment in which one arm of an EPR experiment is repeated exactly while the other arm is varied. For lack of total control of the fixed arm including all the hidden variables, however, it is in reality not possible to repeat it exactly. To deal with this problem, Bell assumed that the mutual correlations of the data streams are all given by: sin(θ/2), when the discussion concerns the spin-variant of the EPR experiment and θ is the angle made by Stern-Gerlach magnets appropriate for each data sequence. With this assumption, one is able to calculate those correlations not measurable in practice.
In the end Sica argues, cogently and correctly, that this conflict can be resolved if the assumption concerning the functional form of the correlation is abandoned, that is by admitting other functional forms for some of the inter-stream correlations. This, however, is a very, very high price! The actual experiments carried out to date to test Bell inequalities have not used the spin-variant of the EPR gedanken experiment, but a parallel one employing polarised 'photons.' Polarisation of electromagnetic signals is a well understood phenomena and the correlations existing between different states of polarisation, which differs from the above form only in being: sin(θ), where θ is the angle between polarisation modes or polarisers, is confirmed beyond any doubt. Rejecting this verity seems out of the question.
Thus, the situation is: extent dichotomic data, correlated per an empirically verified form, violates an arithmetic identity! I wish to suggest that the only way out of this dilemma is to take it that the correlation, sin(θ), does not pertain to dichotomic data. This can come about in the following way. First, some preliminaries.
The fundamental dispute which Bell was addressing in the first place is: can QM be so extended that it turns out to be a statistical covering theory for an underlying classical theory involving extra, heretofore hidden, variables? In this spirit, consider that the signals generated in the optical version of the EPR gedanken experiment are in fact classical electromagnetic fields, not photons. The EPR source then emits a pair of correlated signals which are directed through a pair of polarisers oriented at an angle θ with respect to each other and perpendicular to the line of flight. By classical considerations, then, the intensity correlation of the signals after the polarisers is given by sin(θ). Thereafter each of these (optical) signals is intercepted by a detector, which can be none other than a device exploiting the photoelectric effect to generate a current. Here, because of the discreetness of electrons, the photoelectric detector 'digitises' the signals, giving them, on a fine enough scale, the appearance of a dichotomic stream. The vital point to focus on at this juncture is that the intensity correlation measured in experiments is the correlation of count intensities per unit time and not some correlation of the individual electrons contributing to the photocurrent. The former correlation need not respect the identities pertaining to dichotomic sequences, because intensity values simply do not comprise such a sequence, a conclusion won elsewhere with other arguments. [5] This line of reasoning also resolves the conundrum widely publicised by Mermin where he imagines a device emitting entities for which the correlation of some property exhibits the statistics observed in experiments testing Bell inequalities. [6] Such statistics do not jibe with those for the presumed randomly generated entities. But then, we see, they should not because the distribution of the properties of the entities is skewed by the measurement gadgets, Stern-Gerlach magnets in this case, so that complete randomness no longer obtains. In other words, the first phase of the measurement splits the random beam and induces the intensity correlation subsequently measured and it is these statistics that violate Bell inequalities. The statistics of the "digitisation" by a subsequent phase of the measurement do not violate the inequalities. This is exactly parallel to the situation with electromagnetic polarisers, a signal with random polarisation is transformed by the polariser to one with a degree of polarisation. If it is measured thereafter, it will be seen to be polarised and no longer fully random. It is failure to take account of the induced order in output channels that provides the paradox in this conundrum.
Some readers may be uncomfortable with these arguments having noticed that there is nothing distinctly quantum mechanical about them. This in the midst of a dispute to plumb the innate character of QM! There is, however, nothing here contradictory; QM itself maintains that polarisation phenomena are classical. QM enters the picture where and only where noncommutivity is in evidence between conjugate variable iff their classical correspondents do commute. The creation and annihilation operators for photons of different polarisation modes, do commute; i.e., there is no QM in their nature. Noncommutivity of nonorthogonal polarisation states classically reflects the fact that the order with which a signal traverses polarisers, matters. If a linearly polarised signal passes first through a polariser making an angle θ 1 with its polarisation vector and then through a second polariser making an angle θ 2 with respect to the first polariser, the intensity is reduce by cos 2 (θ 1 ) cos 2 (θ 2 ), whereas in the reverse order it would be cos 2 (θ 1 + θ 2 ) cos 2 (θ 1 ). These operations do not commute but this has nothing to do with the essentials of QM although the story can be told using the vocabulary and notation of QM.
